Abstract.-In the western United States, exotic brook trout Salvelinus fontinalis frequently have a deleterious effect on native salmonids, and biologists often attempt to remove brook trout from streams by means of electrofishing. Although the success of such projects typically is low, few studies have assessed the underlying mechanisms of failure, especially in terms of compensatory responses. A multiagency watershed advisory group (WAG) conducted a 3-year removal project to reduce brook trout and enhance native salmonids in 7.8 km of a southwestern Idaho stream. We evaluated the costs and success of their project in suppressing brook trout and looked for brook trout compensatory responses, such as decreased natural mortality, increased growth, increased fecundity at length, and earlier maturation. The total number of brook trout removed was 1,401 in 1998, 1,241 in 1999, and 890 in 2000; removal constituted an estimated 88% of the total number of brook trout in the stream in 1999 and 79% in 2000. Although abundance of age-1 and older brook trout declined slightly during and after the removals, abundance of age-0 brook trout increased 789% in the entire stream 2 years after the removals ceased. Total annual survival rate for age-2 and older brook trout did not decrease during the removals, and the removals failed to produce an increase in the abundance of native redband trout Oncorhynchus mykiss gairdneri. Lack of a meaningful decline and unchanged total mortality for older brook trout during the removals suggest that a compensatory response occurred in the brook trout population via reduced natural mortality, which offset the removal of large numbers of brook trout. Although we applaud WAG personnel for their goal of enhancing native salmonids by suppressing brook trout via electrofishing removal, we conclude that their efforts were unsuccessful and suggest that similar future projects elsewhere over such large stream lengths would be costly, quixotic enterprises.
Introduced fish species that establish self-sustaining populations threaten the long-term persistence of native fishes (Moyle 1986; Allan and Flecker 1993; Rahel 2000) . A classic example is the brook trout Salvelinus fontinalis, which has been introduced since the late 1800s to diversify or supplement sportfishing opportunities. Brook trout have become widely established in every state in the western United States (Fuller et al. 1999) , usually to the detriment of native salmonids (Krueger and May 1991; Young 1995; Levin et al. 2002 ; see review in Dunham et al. 2002) . The ability of brook trout to displace native salmonids is evident, but the mechanisms for their success remain relatively unknown (Fausch 1988 (Fausch , 1989 Griffith 1988 ; but see Peterson et al. 2004a) .
Because of these detrimental effects, biologists have focused their efforts on removing brook trout for conservation and restoration of native salmonids. The most common methods for removing nonnative, stream-dwelling salmonids have been electrofishing (e.g., Moore et al. 1983 ; Thompson and Rahel 1996; Kulp and Moore 2000; Shepard et al. 2002) and toxicants (e.g., Phinney 1975; Gresswell 1991) , although selective angling (Larson et al. 1986; Paul et al. 2003) and trapping (Young et al. 2003) have been used as well. In general, removal projects have met with little success. Meronek et al. (1996) reviewed 250 fish control projects and found that the goals of reducing or eliminating undesirable fish species were met in less than 50% of these projects. Nevertheless, the lack of alternatives to removal and the need to contain exotics such as brook trout compel many biologists to continue implementing fish control projects (Finlayson et al. 2005) .
Because toxicants (e.g., rotenone and antimycin) kill nontarget species, biologists often view electrofishing as a more desirable alternative for fish removal. However, electrofishing has many of its own shortcomings. First, complete removal of the target species is difficult. Thompson and Rahel (1996) removed 73-100% of age-0 brook trout and 59-100% of age-1 and older brook trout from three streams in Wyoming but did not eradicate brook trout from any stream. Others have eradicated nonnative trout but at tremendous cost for very small (e.g., 0.8-3.0 km) stream sections (Kulp and Moore 2000; Shepard et al. 2002) . Another difficulty is that mobile species, such as brook trout, recolonize rapidly unless a barrier between treated and untreated reaches is established. Phinney (1975) found that a stream section treated with rotenone was repopulated by brook trout from upstream within 1 year. Similarly, Peterson et al. (2004a) found that immigration replaced 40-100% of the adult brook trout removed during the previous year.
Even when barriers are established, suppressed populations of brook trout often recover quickly because they mature earlier than most other salmonids. For example, in an attempt to evaluate growth response, Cooper et al. (1962) treated a stream with rotenone to severely reduce (but not eliminate) the number of brook trout. There was no change in growth rate; instead, brook trout abundance quickly recovered and, within 2 years, was no different than before the treatment (most fish were age 0 or 1). Furthermore, any remaining or recolonizing brook trout in a treated section may undergo a compensatory response once the fish population has been reduced (McFadden 1961 (McFadden , 1976 , negating some or all of the effects of the removal. The term ''compensation'' (taken from McFadden 1977) refers to the propensity of populations to exhibit reduced death rates or increased birth rates as a population declines (it can also be the opposite). The effect is to (1) stabilize the population before it is extirpated or (2) restore the population to its original condition (McFadden 1977) . In the simplest terms, such changes often stem from a reduction in competition for food or space. Previous studies have indicated that brook trout may compensate for increased exploitation through a variety of methods, including decreased natural mortality (McFadden 1961) , increased growth and recruitment (Donald and Alger 1989) , and increased age-specific fecundity (Jensen 1971) . Because these and other mechanisms are not mutually exclusive and may interact at a variety of life history stages, only a few may be statistically verifiable at any given period of observation (McFadden 1977) .
In this paper, we describe an electrofishing removal project that was initiated and conducted by a local watershed advisory group (WAG) in southwestern Idaho. The goal of their project was to eliminate or suppress brook trout in a small stream to protect native salmonids (redband trout Oncorhynchus mykiss gairdneri and bull trout S. confluentus) in the stream. We evaluated the costs and success of their project, as there was strong interest in conducting similar removal projects by other biologists in southwestern Idaho. Bull trout were nearly extirpated from this stream by the time this project was initiated (only nine bull trout were captured during this study) and thus were not included in our analysis. We monitored population changes for brook trout and redband trout, as well as changes in the population dynamics of brook trout. Our study objectives were to assess (1) whether 3 years of electrofishing removals by the WAG could eliminate or suppress brook trout and increase abundance of native salmonids in subsequent years and (2) whether brook trout that evaded capture underwent any detectable compensatory responses.
Methods
The project occurred on Pike's Fork, a second-order tributary in the Boise River drainage that is itself a tributary to the Snake River in southwestern Idaho. In the 7.8-km reach of treated stream, mean summer wetted width was 2.8 m, gradient was 3.0%, and elevation was 1,750 m. The Pike's Fork drainage has been logged extensively, but riparian and stream habitat conditions have remained reasonably unaltered. At the start of this study, Pike's Fork contained brook trout, redband trout, a small population of bull trout, and shorthead sculpin Cottus confusus. Sterile rainbow trout O. mykiss (200-300 mm total length [TL]), readily identifiable by fin erosion, are stocked for angler harvest about 3 km downstream of the study area.
From 1998 to 2000, brook trout were removed annually by WAG crews during 3 d in mid-August. Block nets were used to section the stream into 200-400-m reaches. Crews of four to eight people performed a two-pass electrofishing removal in each reach with the use of two gas-or battery-powered backpack electrofishing units and several netters with dip nets. Pulsed DC was used; pulses were 3-5 ms, 500-900 V, and 60 Hz. One electrofishing operator with a pair of netters proceeded about 20 m upstream of the other during a single depletion pass by a crew. The methods used resulted in a four-pass removal effort with limited stream rest between the second and fourth passes, whereas the WAG personnel actually conducting the removal effort considered each of these two-shocker-unit runs a single pass. For this reason, we analyzed their data as such. All brook trout collected were measured (nearest millimeter TL) and weighed (nearest gram), killed by overdose with tricaine methanesulfonate at 250mg/L, and frozen. Redband trout were measured, weighed, and released in the reach from which they were captured.
In 1998, WAG personnel performed removals in the lower 4.5 km of stream only but discovered that brook trout resided farther upstream than previously suspected. Subsequently, spot surveys were used to comprehensively determine brook trout distribution; in the remaining 2 years, 7.8 km of stream were electrofished. Due to flagging project interest by WAG members and associated field personnel shortages in 2000, removals were not as rigorous as in the previous 2 years. Instead, 850 two crews of four people (each with two backpack electrofishing units and two netters) were established for each day, and each crew covered one reach at a time. The crews made one or two depletion passes as described for previous years.
Immediately after removal efforts in 1998, the U.S. Forest Service constructed a wire gabion barrier at the bottom of the treated section of stream. The barrier and downstream plunge pool were designed with a minimum jumping pool of 0.6 m and a vertical drop of 0.5 m at flood stage and 0.8 m at low flow. This design was intended to prevent upstream migration by resident brook trout while allowing migratory bull trout (.400 mm TL) to scale the barrier (T. Burton, Bureau of Land Management, personal communication) and recolonize the stream. In 1999, we investigated the effectiveness of the barrier. In a 300-m reach of stream directly below the barrier, 50 brook trout (150 mm TL or larger) were marked 4 weeks before the electrofishing removals; none were recaptured during subsequent removals in any of the subsequent years.
Abundance.-Abundance, 95% confidence intervals (CIs), and capture probability (CP) for each species in each reach were estimated with the maximum likelihood model using the software MicroFish (Van Deventer and Platts 1989) . If the lower 95% confidence limit (CL) was less than the actual number of brook trout captured within a reach, we used the number captured as the lower limit. Because electrofishing is size selective (Reynolds 1996 ) and because we wished to monitor yearly recruitment success, we estimated abundance separately for age-0 fish (,80 mm TL) and age-1 and older fish (80 mm TL). For reaches where only one removal pass was made in 2000, estimates of abundance were made by using data from the multipass reaches to construct a linear relationship between the number of brook trout captured in first passes and subsequent maximum likelihood abundance estimates. From these relationships, we predicted brook trout abundance (and 95% prediction intervals) for the reaches where only a single removal pass was made (Lobón-Cerviá and Utrilla 1993; Jones and Stockwell 1995; Kruse et al. 1998) . Separate regression models were built for brook trout smaller than 80 mm TL and for those 80 mm TL and larger. Brook trout removal efficiency within each reach was estimated as the number of removed fish divided by the estimated abundance. The entire stream was sampled by use of the above methodology, and estimates were summed (for abundance and CIs) or averaged (for CP) to produce estimates for the entire stream.
Although CP from multipass removals averaged 0.78, we realized that this was probably an overestimate (Riley and Fausch 1992; Peterson et al. 2004b; Rosenberger and Dunham 2005) , which would in turn cause underestimation of population abundance and overestimation of removal efficiency (especially for age-0 fish). Estimates of abundance should therefore be considered minimum estimates, and estimates of CP and removal efficiency should be considered maximum estimates.
In mid-August 2003, we returned to compare abundance and population dynamics of brook trout present after 3 years with no removals to the population in the treatment years. Instead of surveying the entire stream length involved in earlier years, we randomly selected twelve 100-m reaches within this area for multipass electrofishing. Brook trout abundance for the 7.8-km stream was estimated by multiplying the mean abundance per reach by 78 (i.e., the number of 100-m reaches in the treated section of stream). For 2003 estimates, formulas for population totals and CIs were from Scheaffer et al. (1996) .
Demographic parameters.-The frozen brook trout were thawed in the laboratory. Sagittal otoliths were removed and stored dry in vials. Scales were removed above the lateral line and posterior to the dorsal fin and stored in envelopes. Because scale readings often underestimate age compared with otolith readings (Beamish and McFarlane 1987) , age was estimated primarily by viewing whole otoliths, dry or submersed in saline, with a dissecting microscope using reflected light, transmitted light, or both. In the few instances when otolith age could not be estimated (n ¼ 14), we pressed scales on acetate slides with a heat press at a force of 703 kg/cm 2 and at a temperature of 1108C for 20-30 s and viewed them with a microfiche reader. We aged a subsample (n ¼ 1,775) of brook trout that were captured during the study (n ¼ 3,532) and estimated age for the remaining fish with the use of age-length keys (DeVries and Frie 1996) . Readers estimating age had no knowledge of fish length during readings. The mean index of average error (Beamish and Fournier 1981) between readers for all aged brook trout was 4.9%. When discrepancies between readers occurred, differences were resolved with additional joint readings, and when discrepancies could not be resolved, results for that fish were discarded. All fish were considered 1 year old when they reached their first January.
Gender and maturity were determined by examination of the gonads. Males were classified as immature if testes were opaque and threadlike or mature if they were large and milky white. Females were classified as immature if the ovaries were small, granular, and translucent or mature if they contained large, welldeveloped eggs that filled much of the abdominal cavity (Strange 1996) . Eggs were counted from 89 mature females across all years.
Following Robson and Chapman (1961) , we estimated total annual survival rate (S) and 95% CIs with a catch curve analysis. Only age-2 and older brook trout were fully recruited to the electrofishing gear and useable for survival estimates. Catch curve analysis requires that (1) S is uniform with age and does not change over time, (2) the population is sampled randomly, and (3) recruitment is constant each year. We may have violated assumptions (1) and (3) in the second and third year of our study because the removals may have increased total mortality and decreased recruitment. One method of avoiding the necessity of such assumptions is to track abundance (or catch per unit effort) of particular age-classes through time (Ricker 1975) . For comparative survival estimates, we attempted this to the extent possible by apportioning abundance to individual age-classes and dividing the number of fish at age t by the number at age (t þ 1) when appropriate age structure data were available; however, due to methodological constraints of this study, only seven comparisons could be made. Nevertheless, we believe the use of catch curve analysis was justified for several reasons. First, S for the first year was unaffected by any removals and is therefore unbiased. Second, although recruitment was variable, Allen (1997) showed that if the coefficient of variation (CV) of recruitment is 80% or less, estimates of S should fall within 610%. In our study, CV was estimated to be 77.4% for age-0 brook trout and 81.0% for age-1 brook trout. Third, if the removal efforts were to affect the catch curves in any way, there should have been an increase in the negative slope of the curve, resulting in an increase in total mortality. No such increase would be evidence that the assumption of uniform S with age and time was not violated.
Growth was assessed by calculating the mean length at age (and 95% CIs) from the age-length keys (DeVries and Frie 1996) . Because size at age between years is not independent (i.e., small age-1 fish in one year may result in small age-2 fish the following year even if incremental growth does not differ among years), we also compared incremental growth between years to assess removal effects or compensatory responses. Changes in size structure were assessed by comparing cumulative length frequencies with a Kolmogorov-Smirnov goodness-of-fit procedure (the sequential Bonferroni technique was used to correct for multiple inference tests; see Rice 1989) . To test for changes in fecundity at length between years, we logtransformed the fecundity data to create a linear relationship with fish length, then used analysis of covariance (ANCOVA) to compare slopes (b) and elevations (a) of the regressions between years (Zar 1996) . To evaluate sex ratio, we calculated 95% CIs around the percentage of the population that was female (Fleiss 1981) ; the CIs that did not overlap 50% indicated a statistically significant departure from a 50:50 ratio.
We characterized length and age at maturity each year by developing logistic regression models to estimate the length and age at which the probability of being mature was 0.50 (termed maturity transition points [MTPs]; see Meyer et al. 2003) . Each fish was considered a sample unit, and a binary dependent variable was used for maturity (i.e., 0 ¼ immature, 1 ¼ mature) and was related to the independent variables fish length and fish age. Separate estimates were developed for males and females because males tended to mature at a smaller size than females and because selection forces for size at maturity differ between sexes (Roff 1992) . We calculated 95% CIs around the length-and age-based MTPs and compared estimates between years to assess whether any compensatory responses occurred.
Results
In 1998, 1,401 brook trout were removed from Pike's Fork; 1,241 brook trout were removed in 1999, and 890 were removed in 2000. These removals constituted 88% of the estimated number of brook trout present in 1999 and 79% in 2000; a similar estimate was not possible for 1998 because the entire stream was not treated. Personnel expenditure totaled 210 person-days for electrofishing removals over the duration of the project and did not include time required for planning, coordination, or barrier installation.
Abundance
Because the upper reaches were not treated in 1998, abundance between all years could be compared only for the lower 4.5 km of stream. In this portion of the stream, abundance of age-1 and older brook trout did not decrease from August 1998 to August 1999, despite the removal of most of the brook trout estimated to be present in that section (Table 1) . However, abundance decreased significantly in 2000 and 2003 relative to 1998 (Figure 1) . Abundance of age-0 brook trout decreased significantly from 1998 to 1999 and remained low in 2000; however, by 2003 age-0 abundance had rebounded (Table 2 ). For the entire 7.8 km of stream, age-1 and older brook trout apparently decreased markedly, but in 2003 an estimated 655 fish remained. Abundance of age-0 brook trout was low in 1999 and 2000, but after 2 years with no removals the abundance increased to 1,832 fish.
Removal efficiencies in 1998 were estimated to be 852 high, but again only the lower portion of the stream was treated. In the 2 years when the entire stream was treated, estimated removal efficiency within each reach averaged 64% for age-0 brook trout and 89% for age-1 and older brook trout (Table 1) . While brook trout were being removed, there was no consistent increase in abundance of redband trout ( Figure 1 ). Abundance of age-1 and older redband trout remained relatively constant during the removal years, averaging about 1,480 fish. However, by 2003 the abundance decreased to 808 fish. Abundance of age-0 redband trout increased from 137 fish in 1999 to 799 
Demographic Parameters
Total S for brook trout was low in all years. Based on catch curves (Figure 2 ), S (6 95% CI) for age-2 and older brook trout was 0.08 6 0.02 in 1998, 0.20 6 0.04 in 1999, and 0.21 6 0.04 in 2000. No estimate could be made in 2003 because we did not capture any fish older than age 2. Cohort analysis also supported the fact that S was low. In the lower 4.5 km of Pike's Fork, S from 1998 to 1999 estimated for individual age-classes was 0.10 for age 2-3and 0.16 for age 3-4 (Table 2) ; when all age-2 and older fish were combined for one estimate, S was 0.11. Similarly, for the combined data (fish age 2), S from 1999 to 2000 was 0.08 for the lower portion of Pike's Fork, 0.28 for the upper portion, and 0.19 for the entire stream (Table  2) . Survival appeared to be higher for age 0-1 and age 1-2, but because these brook trout were not fully recruited to the sampling gear the estimates were less reliable. We tended to catch older brook trout as the removals continued. The oldest observed age of brook trout within each year was age 3 in 1998, age 4 in 1999, and age 5 in 2000. In 2003, 2 years after cessation of removals, the oldest observed brook trout was age 2.
Age-2 and younger brook trout comprised 91-100% of all brook trout present from 1998 to 2003. During all years of the study, only 2% of the brook trout were age 4 or older. Brook trout growth varied between ageclasses and study years and may have been affected by the removal efforts. For example, age-0 brook trout were significantly larger in 2000 (the year after abundance was lowest) than in other years ( Figure 3) . Also, age-1-2 brook trout were significantly smaller after the initial removal years but recovered by 2003. Growth slowed as fish aged, but there were no prominent patterns in incremental growth between years ( Figure 3) .
Changes in the redband trout and brook trout populations were evident when comparing size structure of fish in Pike's Fork (Figure 4) . Brook trout cumulative length frequency was significantly different between all years; the frequency of age-0 brook trout declined from 1998 to 1999 (P , 0.001), rebounded in 2000 (P , 0.001), and increased in 2003 (P , 0.001), when there were few larger brook trout. The first year of removal had little effect on the cumulative length frequency of redband trout, but in 2000 the percentage of redband trout smaller than 150 mm TL was greater than in previous years (P , 0.001). The cumulative length frequency of redband trout in 2003 did not differ from the pretreatment length frequency (P ¼ 0.30).
The length-weight relationships were nearly identical between all years ( Figure 5 ). The length-fecundity relationships ( Figure 5 ) also did not differ between years for slope (P ¼ 0.18) or elevation (P ¼ 0.13), although sample sizes were small for some years and FIGURE 2.-Catch curves for nonnative brook trout removed by electrofishing in Pike's Fork, Idaho, during 1998 Idaho, during -2000 Idaho, during and 2003 the resultant power of this ANCOVA test was low. Of the brook trout whose sex could be determined, females comprised 59% of the population in 1998, 53% in 1999, 59% in 2000, and 50% in 2003; females significantly outnumbered males only in 2000, when the proportion of females was 59% 6 6%.
Length and age at maturity for brook trout changed little over the course of the study. In all years, there was always a higher proportion of mature males than females for each age-class (Figure 6 ), most notably for ages 1 and 2. The smallest mature male and female brook trout were both 95 mm TL, while the largest immature male and female were 157 and 188 mm TL, respectively. Length-based MTPs averaged 124.5 mm TL for male brook trout and 147.3 mm TL for females; CIs did not overlap between genders during any year (Figure 7) . Although both male and female brook trout appeared to mature at a slightly smaller size after the removals began, this trend was not statistically significant. Age-based MTP models were less precise than length-based models, but the patterns were the same.
Discussion
Three years of intensive electrofishing removals appeared to have no long-term effects on the abundance of brook trout in Pike's Fork. Although abundance of age-1 and older brook trout declined slightly, abundance of age-0 brook trout increased 789% in the entire stream 2 years after the removals ceased. Concurrently, the removals produced no increase in redband trout abundance. The lack of a meaningful decline in brook trout abundance coupled with a lack of increase in total mortality of age-2 and older brook trout during removal treatments suggest that a compensatory response occurred in the brook trout population via reduced natural mortality, which offset the removal of large numbers of brook trout. McFadden (1977) pointed out the logical necessity that if a population is at equilibrium, any increase in mortality (in the present study, ''fishing'' mortality caused by WAG electrofishing exploitation) must be compensated for in some manner or the population would be extirpated.
Brook trout that avoided exploitation in this study would have experienced much less competition for food and space, but we saw few changes in the brook trout population. We did not observe increased growth in all brook trout age-classes while abundance was lower during removal (age-1-2 growth actually BROOK TROUT REMOVAL decreased during removal treatments); this may have been caused, in part, by yearly exposure of brook trout (i.e., those that escaped capture) to electrofishing, which can reduce growth rate (Dalbey et al. 1996; Thompson et al. 1997) . Also, older fish might have allocated more energy into reproduction instead of growth, although we saw no indication of this in fecundity or maturity changes. A more likely explanation was given by McFadden (1977) , who argued that the complexity of interactions between several compensatory response mechanisms may lead to the operation of only one or a few mechanisms under certain environmental conditions, preempting the operation of other mechanisms. The likely reduction in natural mortality may have sufficiently compensated for the increase in exploitation such that no other compensation was discernible in the population.
In addition to their compensatory abilities, brook trout can mature at an early age. Because age-0 fish are difficult to capture with electrofishing gear and because age-1 fish were also not fully recruited to the electrofishing gear, it was difficult to remove all brook trout before they had the chance to spawn at least once. For example, the average length of age-1 brook trout in Pike's Fork was 110 mm TL, and over half (54%) of these fish were mature. Thus, if an individual brook trout escaped capture at age 0 and again at age 1, the fish was likely to spawn that fall. FIGURE 5.-Length-weight and length-fecundity relationships for nonnative brook trout removed by electrofishing in Pike's Fork, Idaho, during 1998 -2000 . Length is total length (mm).
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Previous studies (Riley and Fausch 1992; Peterson et al. 2004b; Rosenberger and Dunham 2005) have demonstrated that electrofishing removals can produce biased estimates of abundance because CP is lower than what is actually measured, producing abundance estimates that are too low, and in our case, removal efficiency estimates that were probably too high. We have no way of knowing true CP in this study. Peterson et al. (2004b) found that the removal method overestimated CP by 39% and underestimated abundance by 88%, but they used straight DC to minimize fish injury, which most likely reduced capture efficiency. In this study, pulsed DC with relatively high voltage and pulse rates was used to maximize CP, but nevertheless our associated removal efficiency estimates were probably still positively biased to some degree. If we drastically overestimated CP, the actual number of brook trout in the stream would have been much higher than we estimated. In that event, the ineffectiveness of the project would reflect the inability to remove a large portion of the population more so than compensation by the remaining brook trout. In either case, the WAG removal effort was clearly unsuccessful, despite considerable exertions.
In addition to potentially biased estimates of abundance and CP, estimates of S may have also been biased because we probably violated the catch curve assumptions of constant year-class strength and uniform survival rates over time (Ricker 1975) .
However, our conclusion that brook trout mortality was naturally very high in Pike's Fork was supported by (1) the low S observed in 1998 before any bias could have occurred and (2) the agreement with cohort analysis. Such high mortality is common for brook trout populations in small streams (McFadden 1961; Phinney 1975) .
Because we did not have a control stream, we cannot be certain that environmental conditions did not confound our results. For example, better conditions for growth, survival, or increased carrying capacity during the removal years could have produced the changes we have attributed to compensation. We could not incorporate a control stream in our study design because the criteria for such a control (i.e., a very small stream, but one from which we could sacrifice hundreds of brook trout for demographics comparisons with the treatment stream) necessarily excluded it as a true control (i.e., no manipulation). However, even if the changes in growth and survival we observed were caused by confounding factors, the fact remains that the brook trout population in Pike's Fork, through one or several mechanisms, withstood very high rates of exploitation with little (if any) long-term changes to the population.
Another potentially confounding factor is the possibility that some brook trout ascended the barrier. Although we never subsequently captured any of the brook trout marked in 1999 below the barrier, we only marked 50 fish and thus our ability to determine upstream movement was admittedly limited. We did capture two hatchery rainbow trout (250 and 300 mm TL) above the barrier in 2000, despite the fact that the nearest Idaho Department of Fish and Game (IDFG) fish stocking location is a few kilometers downstream (B. Turik, IDFG, personal communication). Unless these fish were illegally transported by an angler, they ascended the barrier. Adams et al. (2000) found that brook trout similar in size to those in Pike's Fork were able to ascend barrier heights of 0.5-1.2 m. Nevertheless, based on the barrier dimensions, we believe it is unlikely that many brook trout in Pike's Fork can ascend this barrier (see Kondratieff and Myrick 2006) .
Other researchers have noted that brook trout can withstand intensive electrofishing eradication efforts (Thompson and Rahel 1996; Buktenica et al. 2000) . Successful electrofishing removal projects have occurred, but usually in very narrow, short streams (,3 km) with simple habitat that were electrofished several times per year, for several consecutive years, or both (Kulp and Moore 2000; Shepard et al. 2002) . Whether or not eradication projects are worthwhile depends on the removal results, the amount of habitat restored to native fish assemblages, and the expenditure of time and money on the project. For the project we evaluated, a total of about 210 person-days was expended in 3 years during the electrofishing treatments alone. Although there were a number of volunteers, most person-days came from permanent or temporary employees of the organizations involved in the removal. We conservatively assumed an average salary (with benefits) of US $10 per hour, an average field day of 10 h, an average per diem of $20 per day, $200 per week for vehicle leasing and operation (one vehicle per two people), and $15,000 for barrier installation. Using these figures, the unsuccessful eradication effort cost about $61,200 overall or $7,846 per kilometer of stream treated. Comparably, Shepard et al. (2002) estimated that $10,000 per kilometer was spent to successfully remove brook trout and this estimate did not include the cost of the barrier.
Electrofishing as an eradication tool in Pike's Fork may have had more utility if the methodology of the more successful electrofishing removal projects had been followed, such as the use of effort with less intensity (spreading removal runs over the entire year), higher frequency (more treatments per year), and longer duration (more years of treatment). Nevertheless, we question whether use of electrofishing methods to eliminate brook trout populations will ever prove cost effective for an appreciable portion of waters in the western United States. Meyer et al. (2006) estimated that there were roughly 1.2 million brook trout present in the upper Snake River basin in Idaho. Based on results from this project, it might cost over $1 million to perform electrofishing removals in only 5% of the current range of brook trout in the upper Snake River basin, and these removal efforts would probably not completely eliminate brook trout in treated areas.
In summary, the electrofishing removals in Pike's Fork were unsuccessful at removing brook trout and did not increase the number of native salmonids during the project. Brook trout populations in small streams appear to be well adapted for withstanding high rates of mortality, whether from natural causes, angling exploitation, or electrofishing removals. Except in very short, narrow streams with simple habitat, our results and the results of other studies suggest that electrofishing removals are unlikely to be successful in completely eradicating brook trout. Because brook trout clearly have the ability to outcompete many of the native salmonids in the western United States, a removal project that merely seeks to reduce brook trout density or that occurs over large stream lengths with little hope for total eradication would seem a costly but quixotic enterprise. Like Finlayson et al. (2005) , we believe other methods (e.g., use of chemical treatments with rotenone and antimycin) would be more cost effective and successful at completely eradicating brook trout under most circumstances. Those who continue to use electrofishing for brook trout eradication may better illuminate the usefulness of the technique by quantitatively monitoring project cost effectiveness and fish population response.
